Abstract. This study investigates inter-and intrajudge reliability of a clinical examination of swallowing in adults. Several investigations have sought correlations between clinical indicators of dysphagia and the actual presence of dysphagia as determined by videofluoroscopy. Whereas some investigations have reported interjudge reliability for the videofluoroscopic measures employed, none have reported reliability for clinical measures. Without established reliability for rating clinical measures, conclusions drawn regarding the utility of a measure for detecting aspiration can be called into question. Results of the present study indicate that fewer than 50% of the measures clinicians typically employ are rated with sufficient inter-and intrajudge reliability. Measures of vocal quality and oral motor function were rated more reliably than were history measures or measures taken during trial swallows. There is a need to define more clearly the measures employed in clinical examinations and to be consistent in reporting reliability for clinical measures of swallowing function in future research.
A recent survey [1] of clinicians working with dysphagic patients investigated their preferences and practices for conducting clinical/bedside and videofluoroscopic (VFS) evaluations of swallowing. Results indicated that clinicians differ with regard to which clinical/bedside methods and measures they believe should be employed. Comparisons of methods and measures clinicians prefer and use with methods and measures that have research support indicated that research support is lacking for many of the measures clinicians employ. Furthermore, descriptions of how to elicit and rate measures are few and far between. For example, although several investigations have linked the presence of an "abnormal volitional cough" to the presence of aspiration in stroke patients [2] [3] [4] [5] , no clear descriptions exist for how to rate an "abnormal volitional cough." Moreover, none of those investigations have reported inter-or intrajudge reliability for rating clinical/bedside measures. It cannot be assumed that different speech-language pathologists are reliable in obtaining history information from charts or in evaluating oral motor, voice, or trial swallow components of an examination. Likewise, it cannot be assumed that one clinician would rate the same patient similarly in a subsequent evaluation. Correlations between clinical signs and VFS signs of aspiration may be spurious unless clear definitions for clinical measures exist and reliability for rating those measures has been demonstrated. Although a number of studies have attempted to explore the relation between specific clinical/bedside measures and actual swallowing function, as judged by VFS examination [2] [3] [4] [5] , there are no investigations, to our knowledge, that have addressed the reliability of administering and analyzing a clinical/bedside examination of swallowing.
Reliability for rating some of the measures employed in a clinical/bedside examination have been reported outside the context of swallowing evaluations. Some of these include the presence of dysarthria [6] [7] [8] , perception of intelligibility [9] [10] [11] [12] , and various aspects of vocal quality [13] [14] [15] [16] [17] . However, none of these reliability data were gathered within the context of a clinical/bedside swallowing examination; and, to our knowledge, no other reliability data for clinical/bedside measures exist. The purpose of the present study was to examine the inter-and intrajudge reliability of clinical/ bedside examination measures commonly used to assess swallowing function.
Methods

Subjects
Twenty subjects from the Veteran's Administration Medical Center (VAMC) in Nashville, Tennessee, Vanderbilt University Medical Center, and the VAMC in Murfreesboro, Tennessee participated in this study. The inclusion criterion was that the subject suffered a stroke within 6 weeks of the time of examination (almost all were within 2 weeks postonset). Patients with previous strokes were included as long as no swallowing problems were reported to exist from the prior stroke. Exclusion criteria were an anatomical/structural deviation that would affect swallowing and a tracheostomy.
Descriptive data on subjects are located in Table 1 . The mean age for subjects was 67.8, and the mean number of days postonset was 7. Locations of the subjects' lesions varied throughout cortical and subcortical areas but were predominantly unilateral. No brainsteam lesions occurred in this sample. VFS examination of each subject showed that 14 had some penetration or aspiration on at least one swallow and that 11 had penetration or aspiration on more than one swallow. Nine swallows were elicited from each subject.
Design
Three clinicians, all certified speech pathologists with at least 200 hr of experience in dysphagia evaluation and management performed a clinical/bedside examination on each subject. On the first day, the principal investigator (judge 1) administered a clinical/bedside examination with one of the two other clinicians (judge 2 or judge 3). On the following day, judge 1 administered a clinical/bedside examination to the same subject with the other clinician (judge 2 or judge 3). This method of administration was chosen for several reasons. First, intrajudge reliability was considered to be less biased if testing occurred on consecutive days rather than on the same day. Second, this methodology was designed to determine whether a minimal increase (1 day) in postonset time affects intrajudge and interjudge reliability. If an increase in time has an effect on subject performance, interjudge reliability between the judges evaluating the subject on the same day would be better than intrajudge reliability as measured on 2 different days. This is potentially confounded by different judges on different days-and, perhaps, poor intrajudge reliability. However, this was deemed the most effective method of obtaining both inter-and intrajudge reliability while examining the effects of time. Judge 2 and judge 3 were randomly assigned to day 1 or day 2 to ensure that reliability was not dependent on the day of the examination.
The clinical/bedside measures employed were those that clinicians believe are important and use in their practice, as indicated by a previous survey [1] . There were four parts to the clinical/bedside examination: history, oral motor, voice, and trial swallows. Measures rated for reliability are listed in Table 2 . All ratings were reported in a binary manner (+/− or normal/abnormal). If the patient could not be assessed on any task, the clinician circled CNA (cannot assess) on the response form. For the history portion of the examination, each clinician obtained the information separately from the medical chart, patient, family, physician, or nurse, depending on the question. For the oral motor and voice portions of the clinical/bedside examination, judge 1 elicited all responses from the patient to reduce examiner variability, except for the items tongue strength and jaw strength, because those measures required each clinician to examine the subject physically. Both clinicians, on each day, recorded their observations independently without discussion. Voice measurements were taken by two methods: speech sample and sustained phonation. For the trial swallows portion of the clinical/bedside examination, two swallows of each consistency-thin liquid, thick liquid, puree, and solid-were administered in 5-cc boluses. Ratings of measures involving solid consistencies, however, are not reported because of the high number of normal ratings with that consistency. Statistical analyses could not be performed and percentage of agreement was misleadingly high. Thin and thick liquids were administered from a cup; puree and solids were administered from a spoon. Each clinician administered one of the swallows for each consistency so that he/she could use the four-finger method [18] to judge laryngeal elevation, timing of the initiation of the swallow, the number of swallows per bolus, and the total swallow duration. Thus, each clinician made judgments on those four measures once for each consistency. All other measures were judged with two swallows of each consistency because the measurements could be made by observing the patient's response on the task elicited by either clinician.
No training to criterion occurred before this investigation. Clinicians were provided only with a list of anchors on which to base their normal or abnormal judgments. Training to criterion was avoided be- 
Analysis of Data
For all ratings, Cohen's kappa coefficients were used for analysis. This statistic was chosen because ratings were made in a binary manner, and the statistic corrects for chance occurrence of significance. However, because of the large number of kappa values employed, chance occurrence of significance was considered possible. To account for this, one could either employ a Bonferroni adjustment or adjust the level of significance to make the criterion for significance more rigid. A Bonferroni adjustment was deemed too severe because kappa values do correct, to some extent, for chance. Therefore, the level of significance was adjusted from 0.05 to 0.01 to ensure that clinical/bedside measures with significant kappa values were reliable. All kappa values are listed in the table unless they could not be computed. Kappa values could not be computed when at least one judge rated all subjects as "normal" for that measure. Table 3 provides reliability data for history measures. Each measure investigated is listed in column 1. Intrajudge reliability (column 2) was not obtained for history measures because most of the measures were obtained from medical records. The clinician responsible for intrajudge ratings was able to refer to the same pages of the medical record on two separate occasions, providing a misleading significance for reliability data. Therefore, interjudge reliability was believed to be of more value for history measures. Columns 3 and 4 provide interjudge reliability data. Column 3 provides kappa values for paired comparisons between two judges rating the measures on day 1. Column 4 provides kappa values for paired comparisons between two judges rating the measures on day 2. Kappa values appearing in boldface type were statistically significant at the 0.01 level, indicating good reliability. In addition to the measures listed in Table 3 , the following history information was obtained from each patient: presence of neurologic insult, presence of a tracheostomy tube, and presence of structural deficit. These measures were not analyzed for reliability because the first was an inclusion criterion for the study and the latter two were exclusion criteria. The reliability for these measures has not been established.
Results
History Measures
Only five of the 14 measures analyzed for reliability were rated with significant (p < 0.01) interjudge reliability on both days: (a) history of pneumonia, (b) gastrointestinal disorder, (c) medications, (d) presence of a feeding tube, and (e) patient requires suctioning. Medications were rated as present or absent based on information in the patient's chart. Reports of individual medications, which change on a regular basis for many patients, were not analyzed for reliability. Most hospitalized patients are on some types of medications. Thus, the reliability of medications is of little functional utility. Table 4 provides reliability data for oral motor measures. Each measure investigated is listed in column 1. Intrajudge reliability kappas are provided in column 2. Column 3 provides kappa values for paired comparisons between two judges rating the measures on day 1. Column 4 provides kappa values for paired comparisons between two judges rating the measures on day 2. Kappa values appearing in boldface type were statistically significant at the 0.01 level, indicating good reliability.
Oral Motor Measures
Sixteen of the 19 oral motor measures were rated with significant (p < 0.01) intrajudge reliability. Only palatal gag strength (left and right) and pharyngeal gag strength (right) were not rated with sufficient intrajudge reliability. Only 11 of the 19 measures, however, were rated with significant interjudge reliability.
When looking at all ratings on both days, 11 of the 19 oral motor measures were rated with significant (p < 0.01) inter-and intrajudge reliability: (a) tongue strength, (b) tongue range of motion, (c) lip strength, (d) lip range of motion, (e) jaw range of motion, (f) volitional cough strength, (g) volitional cough quality, (h) left pharyngeal gag, (i) dysarthria, (j) intelligibility, and (k) management of secretions. Table 5 provides reliability data for voice measures. Each measure investigated is listed in column 1. Voice ratings were elicited by two methods: speech sample and sustained phonation. Ratings were made separately for each method. Column 2 provides kappa values for intrajudge reliability ratings. Column 3 provides kappa values for paired comparisons between two judges rating the measures on day 1. Column 4 provides kappa values for paired comparisons between two judges rating the measures on day 2. Kappa values appearing in boldface type were statistically significant at the 0.01 level, indicating good reliability.
Voice Measures
All five of the voice measures rated from a speech sample were rated with significant intrajudge reliability. When listening to a sustained ah, however, only three of the five measures were rated reliably: dysphonia, breathy, and wet/gurgly.
Four of the five voice measures rated from a speech sample were rated with significant interjudge reliability. Only a measure of strained/strangled quality was not rated with sufficient interjudge reliability. When rating from a sustained ah, only two of the measures (an overall rating of dysphonia and wet/gurgly quality) were rated with significant interjudge reliability. When looking at all ratings on both days, four of the five voice measures rated from a speech sample were rated with significant intrajudge and interjudge reliability: dysphonia (overall judgment), breathy, harsh, and wet/gurgly. Only a judgment of strained/strangled quality was not rated reliably. When using sustained phonation, only two of the five measures were rated with significant inter-and intrajudge reliability: dysphonia (overall judgment) and wet/gurgly quality. Table 6 provides reliability data for trial swallow measures. Each measure investigated is listed in column 1. Column 2 provides kappa values for intrajudge reliability ratings made by judge 1 on 2 separate days. Column 3 provides kappa values for paired comparisons between two different judges rating the measures on day 1. Column 4 provides kappa values for paired comparisons between two different judges rating the measures on day 2. Kappa values appearing in boldface type were statistically significant at the 0.01 level, indicating good reliability.
Trial Swallow Measures
Ten measures were rated. The first eight of those measures were made for three different consistencies: thin liquid, thick liquid, and puree. Consequently, there were 26 measures with intra-and interjudge kappa values. Only seven of those measures were rated with sufficient intrajudge reliability: delayed swallow for thin liquid, total swallow duration for thin liquid, total swallow duration for puree, laryngeal elevation for thin liquid, an estimate of oral stasis, the 3-oz. swallow test, and an overall rating of dysphagia.
Five measures were rated with sufficient interjudge reliability: delayed swallow on thick liquid, total swallow duration on thin liquid, spontaneous cough on thick liquid, the 3-oz. swallow, and an overall rating of dysphagia.
When looking at all ratings on both days, only four of those 26 measures were rated with sufficient intra-and interjudge reliability: an estimate of total swallow duration for thin liquid, an estimate of oral stasis, the 3-oz. swallow test, and an overall rating of dysphagia as normal or abnormal. Reliability for estimating oral stasis should be considered with special caution because the Boldface type indicates that the reliability for the measure was significant at the 0.01 level. high number of normal ratings made statistical analysis of reliability impossible. Table 7 provides a list of measures that were rated with significant inter-and intrajudge reliability in this investigation. Measures must have significant intrajudge reliability to demonstrate that one's own ratings have an internal standard for consistency. Measures also must be reliable between judges to demonstrate that one's own internal standards are similar to the standards of other clinicians. Without consistency between clinicians, no comparisons can be made between patients seen by different clinicians, and data for samples of different patient populations would be meaningless. Overall, 24 of the 54 clinical/bedside measures (44%) were rated with sufficient inter-and intrajudge reliability. Five of 18 history measures (28%) were obtained reliably. Eleven of 19 oral motor measures (58%) were obtained reliably. Six of 10 voice measures (60%) were obtained reliably. And, when considering each consistency separately for each measure, only four of the 26 (15%) were rated reliably. Thus, oral motor and voice measures were the most reliably obtained, as shown in Figure 1 .
Reliable Clinical/Bedside Measures
Discussion
Results of this study indicate areas of relative strength and weakness in speech-language pathologists' abilities to make reliable judgments on clinical/bedside measures that may relate to swallowing function.
History
The most unreliable history components were those requiring clinicians to obtain verbal information from someone-patient, family, or nurse (Table 3) . Different nurses are available at different times; family members are present at one time and not another; and the patient, who may have language or cognitive deficits, is not always a reliable historian. A patient's report of swallowing capability did not correlate well with actual swallowing function in a study that examined that measure [19] .
The most reliable judgments were visual judgments: the presence of a tracheostomy tube (which was an exclusion criterion); the presence of a nasogastric tube, jejunostomy tube, or percutaneous endoscopic gastrostomy tube; and the presence of used suctioning equipment in the room ("patient requires suctioning"). These measures have received research support for their inclusion in swallowing evaluation. The presence of mechanical devices has been observed to correlate highly with aspiration [20] or other, more long-term complications in several studies [21] [22] [23] [24] [25] [26] [27] [28] [29] . The presence of used suctioning equipment relates to management of secretions, which has been demonstrated to have a relation to aspiration pneumonia [30] [31] . Reliability of other information obtained from charts such as gastrointestinal history, chronic obstructive pulmonary disease (COPD), and medications varied. This could depend on how easy the information was to locate in the chart. Reasons for low reliability on some of those measures, however, is unknown.
One should also consider reliability of measures in conjunction with their assumed importance for detecting a swallowing problem. The majority of clinicians surveyed in a recent investigation [1] reported that all of the history measures investigated for reliability in this study were either "important" or "essential" to obtain. Other investigations have offered support for the inclusion of many of these measures. Some items that have research support for their relation to either aspiration or aspiration pneumonia, however, were not obtained reliably in this study. These were decreased mental status [31] , decreased level of consciousness [32] [33] , and the presence of COPD/decreased pulmonary clearance [30, 34] . Low reliability questions the benefit of making these measures in an attempt to establish a risk protocol for dysphagia. Better anchors, or perhaps more welldefined and available medical diagnoses, for these items may be needed. The presence or history of aspiration pneumonia has also received research support [24] . Reliability for obtaining that information in the present study was high.
Oral Motor
Similar to history measures, visual judgments resulted in the best reliability for oral motor ratings ( Table 4 ). The more easily viewed muscles, structures, and functions were the ones for reliably rated (i.e., lips, tongue, and jaw). The only exception to this was jaw strength, whose interjudge reliability was high for day 1 paired comparisons but low for day 2 paired comparisons.
The only tasks with low intrajudge reliability were judgments of palatal and pharyngeal gag. The sensitivity of these measures for detecting dysphagia have been reported with mixed results in recent literature [29, [35] [36] [37] . For unknown reasons, judging a left pharyngeal gag had lower reliability than judging a right pharyngeal gag. When combining the judgments of a left pharyngeal gag and a right pharyngeal gag into one judgment of pharyngeal gag, reliability is high. The utility of combining left and right pharyngeal gag information versus separating them is unknown, as is the utility in using the measure at all. We also cannot be certain why better reliability was achieved with a pharyngeal gag than with a palatal gag. One could speculate that the pharyngeal gag provokes a more obvious response than a palatal gag, but this cannot be clearly discerned from this study. In addition, of all the measures listed in Table 4 , only palatal gag and pharyngeal gag were not believed to be important or essential by the majority of clinicians surveyed [1] . Lack of confidence in using gag reflexes may stem from mixed results in research. With questionable reliability, future investigations of palatal and pharyngeal gags would benefit from reporting reliability and from specific instructions on elicitation and rating of responses.
Measurements of dysarthria and speech intelligibility achieved high inter-and intrajudge reliability. Dysarthria has received support in data-based research as a clinical indicator for aspiration [4, [38] [39] . Likewise, dysarthria is believed by surveyed clinicians to be an important part of a clinical/bedside assessment of swallowing [1] . However, it must be recognized that aspiration may exist unaccompanied by dysarthria in adults.
Voice
Four of the five voice ratings were made with high interand intrajudge reliability when using a speech task ( Table 5 ). Using a sustained ah task, however, reduced the reliability on several judgments and did not add valuable information to the overall assessment, indicating that employing this task in a clinical/bedside screen may be more time consuming than useful. One might speculate that sustaining ah is unnatural and provokes strain in patients who have, typically, normal voicing. Having the patient generate a short speech sample-a description of "the cookie thief " picture in this study-appears to be the most reliable method of rating vocal quality. For patients with visual deficits or other deficits that prevent them from providing a description of a picture, spontaneous speech may be elicited in conversation, such as a discussion of one's present or former occupation.
The high reliability obtained in judging vocal quality may be important. Previous studies have demonstrated significant correlations between the presence of dysphonia and the presence of aspiration or aspiration pneumonia [3, 4, 30, 37] . No reliability data were reported in these studies, but the potential for dysphonia to be a reliable, sensitive, and specific sign for detecting aspiration exists, especially in light of the strong reliability observed without training to criterion in the present investigation.
Trial Swallows
Providing the patient with different food and liquid consistencies and rating them on different swallowing durations, laryngeal elevation, wet voice after the swallow, spontaneous cough, and oral stasis is a common practice in the clinical/bedside swallowing evaluation [1] . With the p < 0.01 significance level, very few trial swallow measures were rated with acceptable inter-and intrajudge reliability. Those measures meeting this significance criterion were total swallow duration for thin liquid, the presence of oral stasis, coughing or wet voice on the 3-oz. swallow test, and an overall rating of dysphagia ( Table 6 ). As noted in the Results section, data for oral stasis are questionable.
Although low reliability for trial swallow measurements is alarming, certain factors need to be considered. Intrajudge reliability for these measures could be low because of variability in swallowing function. Trial swallows may change from one day to the next as the patient's health status improves or deteriorates. Fluctuation in swallowing is apt to differ widely, not only from day to day but also from swallow to swallow. Therefore, measures such as coughing, wet voice, and penetration/ aspiration could easily produce low intrajudge reliability despite consistency in rating procedures. Therefore, low intrajudge reliability when coupled with high interjudge reliability could indicate that the variability exists in the patient and not in the clinical judge.
Low interjudge reliability also could occur because of variability in the patient from swallow to swallow or from variability in the examiners with the examination method employed. For half of the trial swallow measurements-delayed swallow, total swallow duration, laryngeal elevation, and number of swallows per bolus-judgments were made with the four-finger method [18] . In this method, four fingers are placed on the throat: under the chin, on the hyoid, and on the top and bottom of the thyroid cartilage. Only one clinician at a time can make these judgments. Therefore, judgments of these measures were made on two separate, consecutive swallows. Lof and Robbins [40] demonstrated that marked variability exists within subjects from swallow to swallow. Thus, patient behavior could have changed or clinicians could have been responsible for the variability when attempting to use the four-finger method; the answer remains unknown. What this investigation does demonstrate is that intra-and interjudge reliability for the four-finger method is sporadic and requires further investigation.
Use of the 3-oz. swallow has been demonstrated, in at least one study, to be a reliable detector of penetration/aspiration [41] . Intra-and interjudge reliabilities for this measure were high in the present investigation. There is no clear reason why reliability for spontaneous cough and wet voice after the swallow were low when reliability for a measure that uses both of those judgments together (3-oz. swallow test) was high. Our best explanation is that the 3-oz. swallow provides an either/ or judgment; thus, only one negative response has to be detected to produce a negative result for the test. This may improve the likelihood of clinical agreement. In addition, the larger boluses and the rapid, consecutive swallows required in the 3-oz. swallow test may produce more obvious results. Although reliable, the use of this measure has been questioned for putting patients at risk [5] . Further research is needed with this measure, and the risk involved needs to be weighed against the potential benefits.
An overall judgment of dysphagia was also made with significant inter-and intrajudge reliability. This complicates the issue of reliability because little can be determined regarding the origin of this judgment. Several measures may contribute to an overall rating of dysphagia even when some of the measures are individually unreliable. Perhaps there is strength in numbers, and the measures, collectively, produce a reliable, overall rating of dysphagia. If true, this challenges development of a clinical examination that is efficient and effective. Thus, further research needs to determine whether a few reliable individual measures are sufficient to produce a reliable rating of dysphagia.
Clinical examinations in this investigation were conducted according to reports of actual clinical practice [1] , without pre-training to standard criteria. Our results indicate that clinicians can judge reliably fewer than 50% of the measures commonly employed in a clinical/ bedside examination of swallowing. Oral motor and voice measures were rated more reliably than history or trial swallow measures. We suspect poor inter-and intrajudge reliability for some clinical measures in this investigation are the result of both patient and clinician variability. Clinician variability could be reduced through training. We know from studies of VFS measures that training influences reliability positively [42] . Such methods of training also should be examined for clinical measures. Low reliability in this study at the very least indicates a need to clearly define clinical measures and describe how those populations should be rated. In addition, future research involving clinical/bedside measures or swallowing should report inter-and intrajudge reliability for all measures. It has become standard practice to report reliability for VFS examinations of swallowing in research. Poor reliability in this investigation indicates that clinical measures of swallowing evaluation should be held to the same standard.
